Three relatively little-known anurans, Bufo retifonnis, Gastrophryne olivoeea, and Pternohyla fodum", occur in the Sonoran Desert in south central Arizona. Although placed in separate families (Bufonidae, Microhylidae, and Hylidae, respectively), they are superficially similar in hehavioral ecology. Each is inactive for more than 10 mon each year, emerging only to reproduce and forage following intense rainfall during the summer "monsoon" season. All exhibit "explosive" breeding behavior (Wells 1977) in which males form high-density aggregations for a few nights (sometimes only one) following a major rainstorm and call to attract females. Within Ariwna all 3 species are largely restricted to a small portion of the Sonoran Desert in the extreme south central part of the state, so it is perhaps not surprising that they are relatively unknown. Indeed, Bufo retiformi" was described in 1951 based on specimens collected southeast of Ajo in 1948 (Sanders and Smith 1951) , and Ptemohyla fodiens was first documented in Arizona in 1957 (Chrapliwy and Williams 1957 , Williams and Chrapliwy 1958 .
Given limited information on these Arizona anurans, this investigation was undertaken in 1993 and 1994 to ascertain their present distribution in Maricopa, Pima, Pinal, and Santa Cruz counties, Arizona. First, we describe methods used in conducting the survey. Then, for each target species surveyed, we describe distinguishing acoustic characteristics and outline historic and present distributions. Last, we present observations on breeding behavior.
MATERIALS AND METHODS

Survey Methods
All surveys were conducted along paved roads throughout the known ranges of the 3 target species following rainstorms during July, Augus~and September 1993-94. Given the highly unpredictable and variable nature of summer rainfall and the need for monitoring the entire south central portion of Arizona, we could only crudely estimate (e.g., weather reports) the appropriateness of field conditions (i.e., level of rainfall) for anuran activity prior to each field excursion. Whenever sufficient rainfall appeared to have fallen in the study area, we traveled to that particular area on the night of the rainfall event, or the following night, to survey for amphibians along roadways. Frequently, 2--3 nights of surveying occurred for each rainfall evenl. Occasionally, survey plans were adjusted to take advantage oflocai conditions (e.g., localized flooding). 
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To conduct surveys we drove slowly (40-65 kmph) along paved roadways scanning for anurans on the road surface and listening for chorus activity adjacent to the roadway. Most roads in the study area are located in valley floodplains crossed by numerous washes so that collection of large rain pools immediately adjacent to roadways occurs commonly. If insufficient rainfall had occurred so that anuran surface activity was initiated but no chorusing activity was apparent (i.e., no calling or breeding), we continued driving, scanning for and recording all anurans found on the road. When activity was relatively high (e.g., >20 anurans/ km) and/or associated with an area of interest (e.g., historic or suspected locality for one of the target species), we recorded every individual anuran seen on the roadway (for a minimum of 1 km) until lack of moisture resulted in reduced anuran activity (e.g., <5 anuranslkm).
Whenever we detected chorusing activity or pools of water along the roadway, we stopped and scanned the area adjacent to the roadway.
If none of the target species were detected either visually or acoustically, we resumed the road survey. If target species were present, we attempted to record a series of voucher calls (see below) and collect a small series of voucher specimens (N < 10). Unfortunately, summer rainfall in south central Arizona was below average during the survey period, resulting in few actual breeding aggregations. All specimens are deposited in the ASU Vertebrate Collection. 
Field Observations
Acoustic Analysis
Advertisement calls were digitized with a DATA Precision model 610 plug-in digitizer at a sampling rate of 10 kHz (Nyquist frequency = 5 kHz) and analyzed with a DATA Precision 6000 waveform analyzer. Release calls were digitized at a capture rate of 22 kHz on a Macintosh LC computer using a Farallon Corporation MacRecorder and analyzed with SoundEdit software (version 2.03). Call durations were measured to the nearest 0.01 sec with the Waveform analyzer «2 sec) or with a stopwatch. Pulse rates of advertisement calls were measured over a 0.5-sec interval spanning the call midpoint; all pulses were counted to determine the pulse rate of release calls using the oscilloscope mode of SoundEdit. Dominant frequencies were estimated to the nearest 10 Hz over a 0.25-sec interval spaoning call midpoints using the waveform analyzer. Neither advertisement nor release calls are frequency modulated to any large extent in any of the 3 anurans under study. For each male used in analysis of advertisement and release calls, mean values were generated for each of the 3 call variables from 3 or more calls.
Historic Distributions
We obtained specimen listings from the following institutions: American Museum of Natural History (AMNH), Arizona State University (ASU), Brigham Young University (BYU), California Academy of Sciences (CAS), Carnegie Museum of Natural History (CMNH), Los Angeles County Museum (LACM), Museum of Vertebrate Zoology (MVZ), University of Arizona (UA), University of Michigan Museum of Zoology (UMMZ), University of New Mexico (UNM), and United States National Museum (USNM). It is important to note that we examined only specimens deposited in the ASU collection and a portion of those housed at the USNM. We assume that anurans listed by the other institutions are correctly identified. Given that these 3 anurans are quite distinct from other Sonoran Desert forms and therefore unlikely to be misidentified, it seems reasonable to accept these listings in lieu of a physical 64 (75) 9 (10) I (1) II (13) as 1-5 m from the water's edge. Amplexus is initiated on land with the typically larger female carrying the male to water for oviposition. In high-density aggregations, satellite males can be common-we saw as many as 3 non-calling males near 1 calling male. Chorusing males and amplexing pairs were observed on only 4 occasions. Three breeding aggregations along IR 15 were relatively large and located at sites used regularly in the past (e.g., 1984 , 1986 , 1988 Sullivan and Bowker unpublished other anurans in the vicinity. Given the apparent rareness of hybrids, it is unlikely that they present a significant concern for the population status of either parental form.
Hybridization between B. punctatus and B.
retiformis is somewhat surprising given dramatic differences in their advertisement calls and habitat preferences (Ferguson and Lowe 1969 
Gastrophrylle o/i.vacea
As noted above, the advertisement call of G. olivacea can be confused with B. retiformis.
In the hand, this small, narrow-mouthed toad cannot be confused 'vith any other species found in Arizona (N elson 1972a (N elson , 1972b (N elson , 1973 (N elson , Stebbins 1985 . Identification based on calls (insect-like buzz) alone must be corroborated by laboratory acoustic analysis.
Although Lowe (1964) listed G. carolinensis from the mountains near Nogales, Arizona, Nelson (1972a Nelson ( , 1972b showed that these indio viduals do not differ significantly from nearby populations of G. olivacea from lower-eleva· tion sites. Having examined specimens from throughout the range in Arizona, we concur 'vith elson that only a single taxon occurs north of the international boundary.
HISTOJUC DlSTlUBUTION.-The range of G. olivacea largely overlaps that of B. retiformi$ (Fig. 2) , except in Santa Cruz County (e.g., near Pena Blanca) where Gastrophrylle occurs farther east. Of the 3 anurans surveyed, this species occurs in the widest variety of habitats in Arizona, ranging from low-elevation creosote Oats through grasslands to oak-woodland communities near Ruby, Arizona (> 1200 m). Wake (1961) reported calling G. olivacea 4.8 km southeast of Ajo. Because no individuals were visually confirmed and because of the difficulty of identifying this species by call, we are inclined to discount the record. PRESE T DlSTRIBUTION.-In 1993-94 we observed G. olivacea at most historic localities except those on the eastern margin of the study area (San Xavier and vicinity of Pena Blanca), and at some new sites (Fig. 2) . We (Fig, 3) . Calling males are always in or near water, and of the 3 survey anurans Pternahyla seems more dependent on heavy rainfall to initiate breeding activity. This species appears to exhibit the most explosive mating system of the 3 species. We never observed Ptemohyla chorusing more than 36 h after rainfall; by contrast, both Gastrophryne and Bufo were observed in chorus activity 1--4 nights following rainfall.
The only significant Ptemohyla chorusing that we observed occurred near Hickiwan (7/13/93) and San Simon Wash (7/13/93). Although direct counts were not possible, estimates from chorusing intensities suggest that dozens, if not hundreds, of calling males may have been present at San Simon Wash along SR 86; however, only a single pair in amplexus was observed. Large aggregations of Pternohyla have been observed at these sites regularly over the past 30 yr (Sullivan and Bowker unpublished).
SUMMARY
Our survey indicates that all 3 target species are present at most historic localities in south central Arizona. We documented range extensions to the northwest and southeast for B.
retiformis (Mobile/SR 286) and to the southwest for Gastrophryne olivacea (Lukeville). These forms probably occur at all historic localities, since our inability to verify their presence at some sites undouhtedly resulted from the absence of sufficient rainfall. It is critical to note that our survey methods, although allowing rapid coverage of a relatively large area, were limited by unpredictable rainfall and the secretive nature of the target species (especially Pternohyla and Gastrophryne). Unless chorusing activity was undernray when we visited an area, the presence of any of the 3 forms may have been overlooked. In the absence of chorusing activity, Bufo retiformis was the only target species regularly found on road surfaces.
Minimally, the presence of these anurans at most historic localities suggests no widespread decline as experienced by other anm"an amphibians in the United States (e.g., ranid frogs of the Southwest; Michael Sredl personal communication). Future work should address estimation of population levels through markrecapture methods in conjunction with intensive monitoring of single sites throughout as many consecutive activity periods (June-September) as possible. An understanding of factors contributing to variations in species abundance will require long-term study.
